The literature on L forms of Proteus contains data derived from many cultural conditions and with different amounts of penicillin. It is difficult to evaluate conflicting reports unless the effect of environmental factors on the ability to form L type colonies can be put on a quantitative basis. This was done with the effect of media (Medill and O'Kane, 1954) , and in the present paper attempts are reported to quantitate the effects of various other environmental factors. It is hoped that these data will help to elucidate the mechanism of L type colony formation.
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METHODS
The organism used was strain A of Proteus mirabilis, a strain of unknown origin.
The casamino acid medium (CAA) used for assay of L type colonies was an improved modification of that described by Medill and O'Kane (1954) : Vitamin free casamino acid (Difco), 0.5 per cent; glucose, 1.0 per cent; sodium lactate, 2.0 per cent; K2HPO4, 1.8 per cent; KH2PO4, 0.2 per cent; NaCl, 0.9 per cent; nicotinamide, 1 ,ug per ml; salt mixture, 0.2 ml; agar, 1.1 per cent.
The salt mixture contains the following per liter: MgSO4-7H20, 40.0 g; NaCl, 2.0 g; FeSO4. 7H20, 2.0 g; MnSO4.4H20, 8.0 g. The glucose, agar, and basic medium were autoclaved separately and mixed in the proper proportions just before use. The glucose was prepared in 20 per cent concentration, the agar in 2.2 per cent, and the basic medium in double strength. Crystalline penicillin G (Lilly) was added in the desired concentration immediately before plates were poured.
Unless otherwise stated all penicillin agar was inoculated with 0.01 ml amounts of various dilutions of rod cells harvested from growth in 1 This research was supported by National Science Foundation Grant 1023.
Brain Heart Infusion (BHI) broth (Difco) that had been continually shaken in flasks for the times indicated. The inoculum used in these flasks was an 18 hr rod culture in a concentration of about 107 rods per ml of the new medium.
After inoculation on penicillin agar the plates were rotated to spread the drops. Assays of L' type colonies were calculated from the average number which grew from 6 to 12 0.01 ml aliquots on at least 2 different plates. Counts were made after 2 days with aid of a dissecting microscope. One thousand units of penicillin per ml were used in assay plates unless otherwise stated. If care is exercised in preparation of uniform media with a smooth surface and if the drops are spread properly and absorbed quickly, replication in counts is excellent.
Survival studies. Survival of the ability of irradiated cells to form rod colonies was compared with that of their ability to form L typecolonies by the following method: Ultraviolet light exposures were made by agitating 7 ml of a 10-' dilution of a culture of P. mirabilis strain A for 30 sec at a distance of 43 cm from the light source (Fischman Company germicidal lamp). Aliquots were then plated on BHI agar and on CAA agar with penicillin, and counts of both types of colonies made.
The effect of ultrasonic vibrations on L type colony formation was tested as follows: Twentyfive ml of a culture of P. mirabilis strain A were placed for 20 min in a Raytheon 9 ke magnetostriction oscillator with a plate voltage of 70 and an output of 75. Aliquots were then tested as above. For growth and assay of the rods BHI broth and agar were used. All cultures were incubated at 37 C.
RESULTS
The effects of various amounts of penicillin. In figure 1 is presented a typical experiment which 280 in the amount of penicillin up to 4,000 u/ml when there was a decrease both in the rate at which the number of colonies increased and in the size of the colonies. These effects are presented in figure 2 .
In addition to this type of experiment, where different concentrations of penicillin were incorporated into media in different petri plates, the gradient plate technique was also employed (Szybalski and Bryson, 1952 All plates were inoculated in triplicate with 0.01 ml aliquots containing 1.7 X 103 rods. The results from a duplicate series of plates were averaged.
* 5 ml with 10,000 u per ml.
1. Up to 40 u of penicillin per ml, rod growth of P. mirabilis is inhibited and the inhibition increases with increasing concentrations of penicillin. The inhibition results in elongated cells and large bodies as well as a decrease in the number of colonies.
2. From 40 to 4,000 u/ml of penicillin, the formation of L type colonies is induced and the number increases with increasing amounts of penicillin.
3. Above 4,000 u/ml, the rate of increase of the colonies induced from a given inoculum decreases and the size of the individual colonies decreases.
4. Around 10,000 u/ml, a reduction in the number of colonies occurs.
5. These different effects of penicillin, i.e., induction of L forms and inhibition of L forms, can be separated by decreasing the penicillin after inoculation to allow induction, but prevent inhibition.
The effect of the age of the culture. Since changes in the amounts of penicillin revealed what appeared to be a multiple effect of penicillin it seemed important to test the ability of the organism to produce L type colonies during the lag period of growth when sensitivity to many deleterious effects increases (Dubos, 1947) . As presented in figure 3 , the results of a typical experiment show that the ability to produce L type colonies on a constant amount of penicillin decreased slightly during the lag period. Figure 4 . The ability of lag phase cells to survive exposure to penicillin. Aliquots taken at different time periods were exposed to 1,000 u/ml of penicillin for 15 min at 37 C and then assayed for survivors. Growth was in BHI broth shaken at 37 C for the time periods indicated. form L type colonies and the ability to survive after a short exposure to penicillin on an age basis. It can be concluded that sensitivity to the deleterious effects of penicillin increases during the lag period whether measured by the ability to form L type colonies on penicillin or the ability to survive a short exposure to penicillin.
TIME IN MINUTES
The effect of pre-exposure to various treatments on the ability of rods to produce L type colonies.
Since it was found that both different amounts of penicillin and cell age affected the ability of the rods to form L type colonies, it seemed desirable to test the effect of other agents on the ability of the organism to form L type colonies. Experiments were made to determine whether or not the survivors of ultrasonic vibrations and ultraviolet irradiation as well as the survivors of pre- (Weibull, 1956; Lederberg, 1956 ). This suggestion would indicate that penicillin inhibits the synthesis of a cell wall component resulting in cells with impaired cell walls which retain their ability to grow, but lose some of their rigidity and hence their normal shape. The idea that the site of action of penicillin is on the osmotic barrier has been suggested by many workers (Gale and Taylor, 1947; Mitchell and Moyle, 1951; Cooper, 1956 ) and would seem to bear out the above hypothesis. The validity of these proposals can only be shown by data demonstrating the absence of a chemical component in penicillin inhibited cells and in L forms which is normally present in the cell wall.
Chemical analyses of normal cells, penicillin inhibited cells, and L forms are being carried out at the present time in this laboratory in an effort to attack this problem. Stempen (1955) has demonstrated cell wall stains on penicillin induced large bodies of Proteus vulgaris and plasmolysis in cells with a rigid cell envelope. These results do not necessarily contradict the above hypothesis on penicillin action since neither staining nor behavior in molar sodium chloride alone can determine whether or not the envelope observed has less structural strength than the normal cell wall. The fact that the cells assume a spherical shape and greater sensitivity to osmotic shock after treatment with penicillin (Lederberg, 1956) indicates that the cell wall is not functioning normally.
At first glance the results reported here appear contrary to the above hypothesis since it would seem that the greater the amounts of penicillin, the more damage would be done to the osmotic barrier and hence the fewer the cells that could survive and produce L type colonies. Another problem presented by the data is why Lo type colonies are absent up to 40 u of penicillin per ml.
The data presented here must await interpretation until the mode or modes of action of peni-cillin are better understood. These results should be kept in mind, however, when comparing the action of different amounts of penicillin on bacteria.
It has been suggested (Kelner, 1953; Barner and Cohen, 1956 ) that ultraviolet irradiation may act by impairing deoxyribose nucleic acid synthesis. The present data show that exposure to ultraviolet light decreases the ability of rods to produce L forms whereas increasing amounts of penicillin increase this ability. It would, therefore, appear that ultraviolet light and penicillin act on entirely different sites in Proteus, although further analysis of these phenomena will be necessary to confirm this impression.
SUMMARY
The number of L type colonies formed on penicillin agar when inoculated with a constant number of Proteus mirabilis rods increases with increasing concentration of penicillin from 40 units per ml to 4,000 units per ml. Above this latter concentration, inhibition of colony number and size commences. This inhibition can be separated from the inducing effects of high concentrations by dilution during the incubation period.
The effect of age on the ability of the cells to form L type colonies does not appear to differ from the effect of age on the ability to survive short exposures to penicillin. Pre-exposure to ultraviolet light decreases the ability of rods to form L type colonies on penicillin agar, while pre-exposure to either ultrasonic vibrations or penicillin does not decrease this ability in excess of the decrease in viability.
